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PurpDse  of  the  Apparatus, 

Steam  uaei's  lon^  have  appreciated  tne  fact  that,  in  order  to 
obtain  the  best  economy  and  efficiency,  it  ±p   necessary  to  have 
complete  and  scientific  control  of  the  boiler  furnace.  ¥ith  this 
end  in  vie'?,  variov.s  imp-oved  t^rpes  of  fi.irn ace,  mechanical  .stolcer::, 
Dutch  ovens  and  the  like,  have  besn  invented  and  put  into  practi- 
cal operation. 

With  the  best  of  these  appliances  under  the  care  of  nkilled 
end  vetr-hf^il  firenen  there  is  no  doiibt  that  the  coal  nay  be  handled 
and  burned  more  economically  than  with  the  a^rerag:e  fireman;  tttill, 
losses  occur  due  to  a  lac'K  of  knowledge,  on  the  pajpt  of  the  fire- 
men, of  the  actual  condition'^  of  comb\istion  in  the  furnace  at  all 
times.  To  remedy  this  it  has  been  customary  for  engineers  to  run 
occasional  evaporative  tests  on  the  boilers,  and  to  analyze  the 
flue  gas  at  frequent  intervals.  To  be  sure,  the  averaf^e  conditions 
of  the  working  of  the  fui^nace  may  be  obtained  in  this  v/ay,  bixt 
thi;:;  :.h  not  enoiigh.  A  knorled^e  of  the  vrarking  of  the  furnace  at 
all  times  and  continuo-as  control  of  the  same  is  epsential.  This  te 
made  pos'^iTbls  by  means  of  a  continuous  analysis  of  the  flue  gases 
and  by  determining  the  jevoentp^e   of  CC^they  contain. 

The  burning  of  the  coal  which  produees  ttie  flue  gas  takes 
place  in  two  distinct  stages:  first,  the  decomp:)sition  of  the  coal 
and  the  formation  of  hydrogen,  marsh  gas,  carbonic  oxide,  olefiant 
gas,  benzin-^  and  other  hydrocarbons  of  the  type  of  marsh  gas  anc. 
benzine,  ammonia  and  sulphur  compounds,  and  coke;  secon'^,  the  com- 
bustion or  oxidation  of  these  substances.  Practically'',  complete    j 
combustion  is  not  obtained  and  the  products  form  a  coiriplex  mixture 
of  hydrogen,  hydrocsrhons,  carbon  monoxide,  water  vapor,  finely    ; 
divided  cpj:'bon,  carbon  dioxide(  CO^) ,  and  nitrogen.  The  last  Uro  * 


2. 
mentioned  form  by  far  the  greater   portion  of  the  escaping  flue 
gases,  the  first  nentionerl  being  a  very  Rmall  per  cent  of  the  to- 
tal volume. 

The  important  thing  to  be  conpidered  IS  the  percentage  of 
carbon  dioxide  formed,  since  this  is  produced  by  a  chemical  com- 
bination of  the  carbon  in  the  coal  with  the  stmofrpheric  oxygen 
admitted  to  the  furnace.  To  effect  complete  combustion  of  a  i:no-;:n 
ciuantit^'-  of  fuel  of  a  given  quality,  a  certain  amount  of  air  is 
required  and  no  more  or  less  should  be  admitted, to  the  furnace, 
Pince  the  percentage  of  CO^  in  the  flue  gas  is  dependent  upon  the 
quantity  of  air  a'Lniitted,  it  iB  this  percentage  of  CO^rhich  dis- 
closes whether  or  not  the  exact  araoant  of  air  required  is  being 
arJjnitted. 

Air  contains  P.l^jo   of  oxygen  by  volume,  the  remainder  being 
practically  all  nitrogen.  If  this  oxygen  combine  v^ath  carbon  in 
the  furnace,  then  ^l^'-  by  volume  of  carbon  dioxide  Fould  be  the 
maximuiii  obtainable. 

in  practice  it  is  found  neces?;ary  to  admit  33^/b  excess  air 

or  about  1,3  times  that  required  theoretically.  The  majority  of 

vrell  equipped  fiji.rraces  never  reach  SOv^  of  the  maximum,  but  sho?r 

7  or  3;>  of  00^  in  the  flue  gas  '«rhich  is  from  3.H  to  z¥o   of  the 

theoretically .required  quantity.  The  loss  in  fuel  for  different 

percentages  of  00^ is  sho^vn  by  the  follo?/ing  table: 

Percentage  of  00^ 

obtained        2      3   4   5   6  7   8   S  10  11  12  13  14  15 

Correepondirg 

loss  in  fuel'fo     90  60  45  36  30  26  ?3  20  18  16  15  14  13  12 

To  enable  the  operator  of  a  furnace  properly  to  control  the 

supply  of  air,  it  is  necessary  for  him  to  knoTr  at  all  times  just 

what  pe:pcentage  of  'lO^ exists  in  the  flue  gases.  This  information 


is  furnished  by  the  ArtoR  Auton^tie  CO^  Recorder  which  is  designed 
to  analyze  the  flue  gas  for  no^autorAotically  and  continuously, 
and  to  provide  a  record  of  the  results  for  a  period  of  tvfenty- 
four  hours. 

Description  of  the  Recorder  and  its  Operation, 

The  Ados  apparatus  consists  essentially  of  thret.  psTt?:  the 
motor;  the  gas  pwiips;  the  analyzing  and  recording  cabinet.  The 
motor  furnishes  power  to  the  gas  purips  enabling  them  to  draw  in 
a  charge  of  flue  gas  and  drive  it  into  and  out  of  the  recording 
cabinet. 

Sketch  one  attached  shof7s  the  oonstruciliion  of  the  motor. 
The  space  between  the  tank  and  its  inner  jacket  is  filled  with 
water.  A  bell  dips  into  this  seal  and  is  counterbalanced  by  a 
weight  which  is  attached  to  it  by  a  wire  passing  over  the  large 
pulley. 

A  tube  enters  the  tank  at  the  bottom  rising  to  a  point 
above  the  level  of  the  water  in  the  jacket.  This  tube  is  connecte-' 
to  the  flue  at  a  convenient  point  and  the  draft, which  need  be 
only  one-half  inch  of  water,  exhausts  the  air  from  \inder  the  bell 
causing  it  to  move  dov^nv'ard  into  the  tank. 

This  motion  continues  until  the  bell  reaches  the  bottom  ofi 
the  tank,  when  a  valve  is  opened  by  a  stud  which  throvfs  over  a 
small  lever.  Air  is  thus  again  admitted  under  the  bell  through 
the  tube  and  it  is  caused  to  rise  by  the  counterweight.  ?/hen  it 
reaches  the  top,  the  other  stud  has  moved  round  to  the  valve 
lever,  which  in  turn  is  thrown  over.  The  valve  is  again  closed 
and  the  downward  movement,  actuated  by  the  dr^ft,  recoOTiiences. 
Thus  a  continuous  m.otion  is  produced  by  a  draft  in  the  chimney 
of  one-half  inch  of  water. 
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The  gas  pw.ms  and  valves  pts   shown  hy   sketch  tv/o.  The  pimps 
comprise  two  cylinders  which  dip,  into  oil  tanks,  rising  and  fall- 
ing alternately,  dra\Ying  flue  gases  from  the  chimney  and  forcing; 
their.  throu£rh  the  recording  app3_ratus.  The  cylinders  or  plimgers 
are  constructed  on  the  same  principle  as  the  ir.otor,  the  hells 
dipping  into  si\   oil  seal  contained  in  the  outer  jacket  of  the 
tanks;  the  suction  tubes  in  this  case  going  down  through  the  cen- 
ter. 

To  the  central  tuhes  of  the  puinps  are  attached  two  sets  of 
valves  which  are  so  constructed  as  to  prevent  the  return  of  any 
gases  which  have  entered  by  overcoming  the  snail  resistance  of- 
fered by  the  glycerine  with  which  they  are  partly  filled.  To  the 
lov.^er  outlet  of  the  punip  valves  is  attached  a  sealed  escape 
through  which  the  surplus  flue  gases,  not  required  for  analysis, 
pass  out  into  the  atmosphere. 

The  operation  of  the  anal^'-zing  and  recording  apparatus, 
referring  to  sketch  three  is  as  folloT/s:  A  vessel  F,  filled  with 
glycerine  and  water  and  attached  to  the  co\mterweight  of  the 
motor,  rises  and  f^ll^i  p^-;.vloclicai:-^.  "men  the  vessel  is  at  its 
lowest  o-^  normal  point,  the  glycerine  extends  to  the  level  m,. 
Vfhen  the  vessel  is  raised  to  the  highest  point  of  its  stroke,  the 
level  of  the  liquid  is  raised  to  ii\  ,  and  the  cubic  contents  of 
the  tube  between  0  on  the  ecsle  and  m^is  100  cubic  centimeters. 

incoming  gases  enter  the  apparatus  through  the  tni^e  sljai-d, 
the  glycerine  bottle  ^,  being  raised,  the  level  of  the  glycerine 
rises  from  m,  and  seals  the  lower  part  of  the  vessel  G  into  which 
the  gases  have  passed.  The  glycerine  continues  rising  until  it 
touches  the  mark  0,  when  ICO  cubic  centimeters  of  flue  fas  stb 
bottled  up,  and  their  exit  through  the  tube  St^  ,  through  which 


they  finally  escape,  is  out  off.  The  glycerine  still  rising,  en- 
ters the  gpp  vessel  G,  an'i  the  gas  7/ithin  that  receptacle  is 
thus  forced  t!r?ough  the  tuoe  s^ ,  into  the  bottle  A,  which  is 
filled  with  caustic  r-otash  solution,  and  this  absorbs  the  00^ 
pre::?ent  in  the  100  cubic  centimeters  of  flue  gas.  The  volume  of 
gas  rhich  is  not  absorbed,  replaces  an  equal  volume  of  caustic 
solution,  and  this  is  forced  up  into  the  globe  a,  and  seals  the 
tube  R,  It  can  then  rise  only  in  the  chamber  b,  and  in  so  doing 
it  presses  the  air  present  in  this  globe  into  the  bell  T,  which 
rises  and  thus  lifts  the  lever  L,  7:ith  Fhich  the  recording  pen 
is  connected.  Therefore,  the  less  carbonic  acid  gas  absorbed  by 
the  caustic  solution  in  bottle  A,  the  higher  the  bell  T,  and 
consequently  the  recording  pen,  v/ill  rise. 

As  soon  as  P  reaches  the  length  of  its  stroke  end  begin r-^ 
to  retiij»n,  the  level  of  the  glycerine  recedes  toward  m^  ,  Ita   no3B- 
mal  point.  The  flue  gaces  in  vessel  A  return  into  vessel  G  and 
as  soon  as  the  mouth  of  the  tube  St^is  open  once  more,  by  the  re- 
turn of  the  glycerine  beyond  that  point,  pre  ejected  through  St^ 
by  the  action  of  the  puiiii:>p.  Owing  to  tlie  fr-ot  that  the  pumps  de- 
liver about  twenty  times  the  volume  of  gases  required,  the  ap- 
paratus is  exhausted  of  all  traces  of  a  preceding  charge  and  the 
spijae  gas  is  never  analyzed  over  again,. 

The  record  chart  is  calibrated  in  per. cents  from  one  to 
twenty,  and  time  is  recorded  on  it.  For  every  per  cent  of  CC^ ab- 
sorbed, one  cubic  centimeter  of  air  less  is  displaced,  and  the 
registering  lever  rises  one  per  cent  on  the  ch°rt.  consequently, 
vrhen  there  is  no  carbonic  acid  gas  present,  the  pen  rises  to  the 
top  of  the  chart.  The  top  of  the  chart  strokes  recorded  wpon   the 
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6. 
diagram  constitutes  the  CO  curve. 

To  orange  the  speed  of  t^ie  rioter  from  fast  to  slow,  it  is 
only  necessary  to  reduce  the  di^aft  or  rather  the  volume  of  air 
drarrn  out  from  xmder  the  bell  of  the  motor.  To  stor  the  apparatus 
the  stopper  is  removed  from  the  lower  tuhe  of  the  motor  or  the 
valve  controllinp-  the  draft  is  closed. 

installation. 

Referring  to  the  plan  and  elevation  of  the  installation, 
it  is  evident  that  the  most  convenient  place  to  install  the  cc^ 
Recorder  near  the  boilers  was  in  the  angle  of  the  wall  south  of 
the  stack.  It  was  necessary  first  to  clear  the  rray  by  tearing 
out  the  old  piping  and  siphon  v;hich  had  bean  tised  for  Arndt  •  s 
Econometer. 

A  case  was  then  deslcrned,  (see  sKetch  of  case),  to  contain 
both  the  Ados  COg  Recorder  and  Arndt 'a  SoMoneter,  and  at  the  same 
time  to  fit  into  the  si-,.ace  available  betwe-^^r  the  obstructions  as 
shown.  It  v.'at!  iiocessar?/'  to  place  f-.e  motor  above  the  recording 
cabinet  because  of  the  limited  width  of  the  case.  The  heavy  con- 
struction of  the  cp«e  is  due  to  the  fact  that  the  motor,  v/hen  fis 
tanh  is  filled  with  water,  weighs  two  to  throe  huni.red  po^xrids. 

In  order  to  fasten  the  case  to  the  wall,  one- inch  holes 
were  drilled  into  the  west  v/all  of  the  pump  room  and  into  the 
brick  pier,  into  these  holes  wooden  plugs  were  driven  to  provide 
a  socket  for  the  lag  screws  used  for  fastening  the  three  two-by- 
six-  inch  strips  in  the  former  case,  and  the  three  three-quart ers- 
by-five-inoh  strips  in  the  latter  case.  The  seven-eighths-by-sije- 
inch, matched  pine  used  for  the  back  of  the  ca.-.e  was  nailed  to  the 
strips  attached  to  the  west  wall,  while  the  one-and-one-halfi^by-^ 
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elght-inoh^rnptcherl  pine  honrds   use4  for  the  side  were  fastened  to 
the  strips  on  the  pier.  Two  lo?:er  Fhel vers  and  the  other  side  v;ere 
constructed  of  the  seiue  material  while  for  the  top,  one-8;od-pne- 
half- by- twelve- inch,  matched  pine  w?.r  used.  This  top  was  merely 
nailed  down.  At  the  top  and  bottom  and  imder  each  of  the  tvfo 
shelves,  cleats  were  screwed  to  the  sides  and  back  to  prevent 
spreading  of  the  boards.  The  shelf  boards  were  nailed  to  the 
cleats.  Four  twelve -by- twenty-inch  engle  irons  of  one-qu?rter- by- 
one-  ineh,  wrought  iron  were  screwed  into  the  corners,  two  on  each 
side  to  hold  the  sides  and  bade  in  their  proper  relations  and  to 
give  stiffness  to  the  case. 

It  T.'as  desired  to  uf 
boilers  alternately;  therefore  fovir  pipes  carrying  the  flue  gas 
from  the  hand-fired  boilers  were  led  into  a  manifold.  Prom  the 
two  lower  and  the  two  upper  deck  boilers,  thre^-quajc'ter  inch  pipes 
were  put  up  leading  through  the  small  doorway  as  shown  by  the 
sketch  of  the  installation,  down  beside  the  case  into  a  three- 
eighths  inch  manifold.  About  one  foot  above  the  manifold  the 
three-quarter  inch  pipe  was  reduced  to  one-half  inch.  Lower  dovm 
it  was  reduced  to  three-eighths  inch  and  a  cock  t;£.s  placed  in 
each  line  just  above  the  manifold. 

Elbows  were  used  at  all  right- angle  bends  except  the  one 
just  outside  the  small  doorway.  Parallel  to  the  boiler  leads  a 
three-eighths  inch  compressed  air  line  was  brought  down  through 
a  cock  into  the  manifold  and,  by  proper  manipulation  of  the  cocks 
above  the  manifold,  comr.res^d  ai:.-"  nan  be  blown  through  an^'"  boil- 
er line.  Prom  the  manifold  a  three-eighths  inch  pipe  was  led 
through  a  valve  into  a  three-qusrter  inch  tee  from  which  the 


s. 
pump 9!  talce  g:a3. 

The  flus  ,.<ras  from  the  menh9.nic5.11y-firer^  boiler,  nuinber  one, 
v^hich  was  teeted,  was  le-1  hy  a  separate  three-quarter  inch  pipe 
from  the  nipple  into  the  above-mentioned  tee  from  which  the  rujji:.B 
tpke  gfis,   A  valve  was  placed  in  the  line  to  control  the  flow  of 
gas.  All  ri;^ht-angle  bends  were  made  by  laea.n^  of  erDov;s.  In  tap- 
ping the  boiler  a  long,  perforated  nipple  was  inserted  into  the 
rear  ?;all  of  the  boiler  and  packed  at  the  outer  end  to  prevent 
infiltration  of  air  around  the  pipe. 

The  draft  necessary  to  rur.  the  motor  was  obtained  by  in- 
serting a  short,  straight,  three-quarter  inch  nipple  into  the 
breeching  leading  from  boilers  two  and  three  to  the  startle.  From 
this  nipple  a  one-inch  pipe,  containing  a  valve,  ras  led  to  the 
top  of  the  case  where  it  was  bushed  dowii,and  a  three-quarter  inch 
nipple  was  passed  dov/n  through  a  hole  in  the  tor  of  the  case.  This 
nipple  was  tapped  at  the  side  and  a  one-Duarter  inch  pipe  was 
screwed  in.  From  this  a  short  piece  of  pipe  of  the  same  size  was 
brought  down  parallel  to  the  three- qu&i-t or  Inch   nipple,  ^o  the 
latter, the  tubing  leading  to  the  valve  was  attached,  while  to  tH© 
former^  a  rubber  tube  leading  down  to  a  water  manometer  was  attached. 
Three  of  the  right-angle  turns  following  the  connection  to  the 
flue  nipple  v/ere  made  by  sweeps  having  «.  radius  of  approximately 
ten  inches.  The  object  in  providing  these  was  to  reduce  friction 
as  much  as  possible. 

The  carpenter  work  on  the  case  and  the  pipe  fitting  having 
been  completed,  the  Ados  CO^  apparatus  was  placed  in  podiition  as 
shown,  by  the  sketch  of  the  installation.  The  jacket  of  the  motor 
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was  fillori  T«rith  p;ater  and  a  film  of  oil  was  spread  over  the  top 
to  2)r3Vent  rapid,  evaporation,  sinr^e  the  temperpture  In  the  pump 
room  is  high  at  all  times.  Dynano  oil  v;as  used  to  seal  the  gas? 
PUDKS  while  the  valves  vrere   filled  with  heavy,  eommercial  <jclycer- 
ine.  This  glycerine  is  depended  upon  to  anso.nh  the  soot  and  wato? 
vapor  carried  hy  the  flue  gas  psince  the  pipe  line  contains  no 
filter.  To  provide  the  sealing  liquid  for  the  inovinp;  hot  tie  and 
for  the  hell  under  the  pen  arm,  one  part  of  glycerine  was  mixed 
T^ith  tr-o  parts  of  vmter.  This  in.ixtTire  was  poured  into  the  vessels 
until  the  liquid  ^orKscT  up  to  the  proper  levels.  The  veeeel  A,  t/as 
filled  to  the  marX  indicated  v.-ith  a  solution  of  caustic  potash  of 
575  parts  hy  v/eight  of  the  potash,  to  875  parts  hy  weight  of  the 
v/ater,  thus  producing  a  specific  gravity  of  1.27.  Connections  wee-e 
made  hy  means  of  rubber  tubing  to  the  draft  and  flue  gas  pipes 
and  to  the  recording  cabinet.  The  apparatus  was  then  ready  to 
operate. 

Operation  and  Test. 

Some  difficulty  rras  encountered  in  operating  the  machine  as 
will  be  explained.  It  was  found  upon  starting  the  apparatus, that 
the  glycerine  solution  from  the  moving  bottle  did  not  act  up  to 
the  mark  indicated,  end  therefore  100  cubic  csntiraeterG  of  gas 
were  not  forced  into  the  caustic  potash  solution;  also  the  stroke 
of  the  pen  was  too  great  for  the  height  of  the  card. 

The  first  difficulty  was  overcome  by  shortening  the  wire 
holding  the  counterweight,  thus  increasing  the  height  to  ?:hich 
the  level  of  the  moving  liquid  rose.  This  level  was  brought  to 
the  mark  when  the  moving  bottle  was  at  the  end  of  its  upward 
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stroke. 

The  second  difficulty  ^»s  overcome  by  oliang-ing  the  lenf^th 
cf  the  two  vertical  rods  below  the  lever  r-rm,  so  that  t^hen  the 
apparatus  was  analyzing  air  only,  the  pen  paRsed  from  the  bottom 
to  the  toi  of  the  ch^rt  sho?:ing  no  00^  .  In  order  to  facilitate  iSiis 
adjustment,  one-half  inch  in  length  v.as  added  to  tha  pt^n  arm 
-hile  the  bell  arm  vms  shortened  one-Ti5.rtar  inch. 

The  method  of  test  in  general,  consisted  of  running  the 
Ados  Recorder  at  various  speeds  and  checking  the  indications  of 
the  chart  hy   raeans  of  th.e  Grsat  apparatus.  The  effect  of  different 
speeds  upon  the  indications  of  the  chart  v;ould  thus  he  determined. 

in  ptirsuance  of  the  above  method,  a  chart  ras  placed  upon 
the  druja  of  the  Recorder  and  the  n-ctor  ¥.£s  or^'ratcd  at  full  speed, 
air  alone  being  admitted  to  the  pumps,  mien  the  liquids  were  act_ 
ing  to  their  proper  levels,  the  pen  Tras  adjusted  to  nake  a  stroke 
from  the  rc^.  line  to  the  Of   line  and  back  again.  The  pumps  ^ere 
then  connected  to  the  pipe  carrying  the  flue  gas  and,  after  three 
or  fo-or  strokes,  required  to  expel  the  air,  the  chart  showed  the 
results  of  the  analyses. 

Before  attempting  to  ufie  the  Orsat  apparatus  for  checking 
the  indications  of  the  chart  on  the  drum  of  the  Recorder, fresh 
caustic  potash  solution  of  a  specific  gravity  of  1.27,  the  sajne 
as  that  in  the  recor'^ing  cabinet,  was  placed  in  one  of  tlie  pi- 
pettes of  the  instrument  to  absorb  the  00^.  In  order  to  obtain 
2    sample  of  gas  for  an?lysig,  a  water  siphon  composed  of  two  large 
bottles  fitted  with  rubber  corks  and  the  necessary  tubing,  both 
.lass  and  rubber,  was  used  to  draw  the  gas  from  the  vertical  pipe 
^lentioned  previously  as  being  tapped  into  the  flue  gas  line  close 
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to  the  nipple  at  boiler  nuiuTotjr  one.  Before  drsiFing  a  sample  for 
eriisilysis,  the  p;s.?i   already  in  tfele  pipe  r/as  extrfioted  aiid  Vi£.r,ted. 
Then  rhen  e  saiUF'le  re.R  drsTm  for  analysip  in  the  Grsat  apparatus, 
it  v/as  noted  which  cylinder  of  the  piir.pp  was  draiving  in  a  like 
charge  of  gas  and  the  per  cent  of  CO^in  the  gas  from  this  cylin- 
der, as  shown  hy  the  chart,  was  coirrpared  with  that  obtained  frora 
the  Orset.  The  flue  gas  passed  into  the  pipette  of  the  Orsat  appe  r 
atus  was  allowed  to  remain  in  intiiiate  contact  with  the  caustic 
potash  solution  for  a  sufficient  length  of  time  completely  to  re- 
move all  of  the  OQ^ 

The  Recorder  was  operated  for  an  hear  or  two  at  a  speed 
such  that  two  mimites  were  reouired  for  two  strokes  of  the  motor, 
one  up  and  one  down.  Analyses  were  made  by  means  of  the  Orsat  ap- 
paratus every  fifteen  or  twenty  minutes,  and  these  were  ocmpared 
with  the  inc^icptions  of  the  cha.rt.  The  draft  was  then  cut  down 
by  means  of  the  valve  until  the  time  required  for  two  strokes  was 
four,  six,  eight,  etc.  minutes,  provided  the  first  readings  of 
the  chart  checked  closel-  with  the  Orsat  resTilts.  If  this  were  not 
the  case,  the  counterweight  on  the  lever  arm  was  shifted  toward 
or  away  froir.  the  pen, thus  increasing  or  decreasing  the  per  cent 
of  00^  indicated  by  the  chart,  until  the  indications  did  check 
closely  with  the  results  of  the  Orsat  apparatus.  Data  v.-as  taken 
for  these  runs  s-ior.'ing  tine,  draft  in  inches  of  water,  time  of 
rise  of  motor  bell,  time  of  descant  of  bell,  per  cent  of  CO^  in- 
dicated by  the  ch.rt,  and  the  per  cent  of  CO^.  shown  b^  the  Orsat 
apparatus.  This  data  is  incorporated  in  the  log  sheets  attached. 
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Results. 
Clis.vt   nwriter  one  waa  put  upon  the  drum  at  11:00  o'clock 
A.  M.,  kay  22,  the  pumps  drawing  in  air  for  re«mlation  of  the 
stroke  until  11:20  o'clock  A.  M. ,  when  the  flue  gas  was  turned 
on.  At  4:00  o'clock  P.  M,  the  coun.terweight  of  the  motor  stuck 
under  the  shelf  upon  which  the  motor  rests,  and  the  air  valve  wns 
not  tripped.  Therefore  the  motor  bell  failed  to  come  down  and  the 
pen  descended  slowly  as  the  displaced  air  leaked  out  from  under 
the  hrass  bell  controlling  the  motion  of  the  pen  arm.  At  9:00 
oi clock  A,  M.,  May  2?,  the  coimterweip:ht  wan  released  and  the 
ap-c-iratus  operated  until  10:00  o'clock  A.  M.,when  the  chart  was 
removed.  No  checking  was  attempted  with  this  chart  by  means  of 
the  Orsat  apparatus. 

Chart  number  two  w^s  placed  upon  the  drran  at  10:00  o'clock 
A.  M.  ,  May  25,  and  was  regulated  on  air  until  10:20  o'clock  A.  Ii., 
when  the  flue  gas  was  admitted  to  the  pumps.  The  boiler  was  cut 
out  from  11:45  P.  M.  to  5:00  o'clock  A.  M.;  therefore  there  was 
not  sufficient  draft  to  overate  the  motor  between  S:45  and  4:30 
o'clock  A.  ^-i.  in  oheckin,^  the  indications  of  the  chart,  the  ap- 
paratus was  operated  at  three  different  speeds  but  showed  an  er- 
ror of  0  to  .7  of  one  per  cent,  the  fastest  speed  giving  the  best 
results,  see  data  sheets  rl  and  ;  2.  At  8:20  A.  M.,  Hay  24,  the 
speed  was  cut  do-m  to  eleven  minutes  and  forty  seconds  ^  round 
trip  of  the  motor  and  the  checking  with  the  Orsat  apparatus  was 
continued.  At  8:50  A.  H.  the  analyses  were  so  widely  different 
,^,p.  -J.  ,.,,,   evident  that  the  same  sample  was  not  analyzed  in  both 
o.ses.  The  other  analvses  showed  the  record  to  be  reading  high 
and  therefore  the  counterweight  was  shifted  to  allow  the  pen  to 
ripe  higher. 
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Datp    Sheet  #1. 


Cbgerver    f- 

^(f^^^^Jt^^ 

,<,<_c»_-«-c-— 

May  23, 

1307. 

Tirae  ^ 

lo   CO^ 

Orsat 

f   00^ 
Ch8.rt 

Drsft 
in.   H^O 

Time 

Up 

Tlrne 
Down 

A.M. 
10:55 

5.4 

7.1 

.375 

sec. 
40 

Min.     sec, 

5         le 

11:20 

6.2 

7.0 

.575 

40 

5             18 

P.M. 
12:42 

6.0 

6.6 

.375 

40 

5             18 

1:00 

6.6 

6.8 

.575 

40 

5              18 

1:12 

6.4 

6.8 

.3^5 

40 

5             18 

1 :  25 

6.8 

7.0 

,375 

40 

5              18 

2:10 

5.0 

5.9 

.375 

40 

i              20 

2:30 

6.0 

6.0 

.375 

40 

1             20 

2:40 

6.0 

e.o 

.375 

40 

1              20 

2 :  52 

6.4 

6.7 

.3-^5 

40 

1              2C 

Z:SO 

6.7 

7.0 

.375 

40 

5              10 

s:40 

6,8 

7,0 

.375 

40 

3             10 

Z'.tZ 

6.7 

7.C 

.375 

40 

3              10 

4:05 

6.4 

6.6 

.375 

40 

3              10 

4:25 

6.5 

6.8 

.375 

40 

3             10 

14. 

Chart  minrcer  three  was  put  on  at  10:2b   o'oIock.  A.  M.,  May 
S4»  It  was  reflated,  on  air  as  usual  and  flue  gRs  was  admitted 
to  the  piarcps.  Beginning  at  a  spe^d  of  the  motor  oorref?ponding  to 
two  minutes  a  roiind  trip,  t?ie  indications  of  the  chart  were 
checked  vjith  the  indications  of  the  Or  sat  apparatus.  For  the  three 
readings  taken  at  this  speed  and  the  tro  taken  at  a  speed  corres- 
ponding to  two  minutes  and  forty  seconds  a  round  trip,  the  chec'-:- 
in^!-  varied  only  one  tenth  of  one  per  cent,  which  difference  is 
well  within  tha  li.iitn  of  oDi-,e:>-vation  of  the  readings  of  either 
instruiient.  gee  data  sheet  number  two.  In  fact  it  is  doubtful  if 
is  v;ise  to  estimate  the  chart  closer  than  one  quarter  of  one  per 
cent. 

An  inspection  of  this  and  other  charts  rill  she?'  that  there 
is  a  variation  from  a  high  to  a  low  value  of  the  per  cent  of  CO^ , 
which  variation  is  alm.ost  periodic  occurring  nearly  at  intervals 
of  one  hour.  This  is  caused  by  the  firemar's  varying  the  speed  of' 
the  stoker  engine,  which  is  regulateri  by  changing  ti\e  setting  of 
the  Gardner  governor,  and  by  different  depths  of  coal  in  tlie  hop- 
per which  fee'^s  the  chain  grate. 

Chart  number  four  was  put  upon  the  drum  at  11: SO  o'clock  A.M., 
May  27,  and  the  apparatus  v;as  regulated  on  air  as  u-^^ual.  Owing  to 
the  evaporation  of  liquids,  it  was  necessary  to  add  water  to  the 
motor  jacket,  and  glycerine  and  water  to  the  vessel  containing  the 
small  brass  bell. 

At  a  speed  of  the  motor  corresponding  to  two  r.iinutes  per 
round  trip  the  checking  was  very  good  except  for  the  sample  taken 
at  1:05  o'clock  P.  H.  Evidently  the  same  sami'le  could  not  have 
been  obtained  in  both  cases.  At  a  speed  of  the  motor  corresponding 
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Data  Sheet 

^2. 

May  24. 

1907. 

Time  (/ 

Orsat 

%  00^ 
Chart 

Draft 
in.  H^O 

Time 

Time 
Down 

A.M. 
8:50 

5.0 

7.5 

.375 

Sec. 
40 

iiin.   see. 
11    c 

£:C5 

6.8 

7.r= 

17  r 

40 

11     0 

9.15 

7.0 

7.3 

.P'Vr 

4J 

11     0 

10:5? 

7.2 

7.2 

.375 

40 

1    20 

10:47 

7.4 

7.5 

.375 

40 

1    20 

10:5? 

7.8 

7.8 

.375 

40 

1    20 

11:15 

6.8 

6.9 

.375 

40 

2    0 

11:23 

7.0 

6.S 

.^75 

40 

2    0 

Reraarks:   The  first   Bet   of  readings  were  made  upon  chart  nuaiber 
two,   while  the  secoiid.  end  third  set  v/ere  made  upon  chart  mmber  three, 
Chart  number  three  was  placed  upon  the  dr^'jcn  at  10:25  o'clocK:  A.   M. 
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Observer  ^- 

^<5Ze^.z::^ 

May  27,  1907. 

1!me(/ 

Orsat 

Chart 

Draft 
In.  HaO 

Tirae 

U-D 

Time 

P.H. 
1:05 

2.0 

4.2 

.575 

Sec. 

40 

Min.   sec. 
1      20 

1:15 

5.6 

5.5 

.575 

40 

1     20 

1:21 

?,9 

4.0 

.575 

40 

1      20 

l:SO 

S.8 

5.8 

.375 

40 

1      20 

2:10 

6.5 

6.5 

.575 

40 

3      «0 

2:22 

5..'5 

5.4 

.57. '5 

40 

5       0 

2:28 

6.S 

7.0 

.575 

40 

3       0 

Remarks:    ahart  mmber  four  vras  put  upon  t}io  drum  J^.t   11:50 
o'clock  A.   M,   and  the  above  readings  were  made  from  that. 
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to  three  minutes  and  forty  seconds,  the  checking  with  the  0:';.£t 
cii-crftuf  rrpc,   excellent.  The  ehprt  ahcvfs  that  the  lever  stuck  and 
failed  to  allow  the  pen  to  return  to  its  initial  i  oRition  for  each 
stroke  from  8:50  P.  M.  to  8:45  A.  M.  This  vas  dtie  no  doubt,  to  in- 
sufficient veight  or  the  pen  end  of  the  lever. 

The  boiler  was  cut  out  from  11:00  P.  ivl.  to  5:00  A.  M.  The 
Chart  v/as  removed  st  9:20  A.  M.  No  adequate  exr^lanation  of  the 
overriding  of  the  pen  between  11:00  and  5: CO  o'clock  in  offered. 

Chart  number  five  was  put  on  at  9:??0  A.  M.,  I.r&y  28,  and  the 
apparatus  via^   regulated  on  air.  The  first  set  of  readings  at  high 
speed  shov/ed  the  recorder  to  read  t?ro  to  six  tenths  high.  See  data 
sheet  #4.  Therefore  the  counterweight  was  shifted  to  permit  the 
pen  to  rise  higher.  The  v:eight  wpb  again  adjusted  after  the  second 
set  of  readings  had  been  taken,  and  the  third  set  showed  good 
checking-.  At  a  speed  of  the  motor  corresponding  to  six  minutes 
and  t?;enty  seconds  for  two  trips,  the  agreement  of  remiits  was 
veri''  good. 

At  11:30  P.  M.  the  boiler  y-as  cut  out.  It  was  cut  in  again 
at  5:45  A.  d.    insiif-'iclent  Iraft  to  run  the  motor  was  obtained 
from  1:45  to  4:00  A.  M.  The  chart  v/as  removed  at  8:50  A,  M. 

Chart  number  six  was  placed  upon  the  di'ua  at  i::?0  A,  'I,, 
i.lay  ?£,  and  was  regulated  on  air.  The  stroke  was  very  irregular 
on  gas,  producing  bad  results  as  compared  to  the  Orsat  apparatus. 
Air  was  again  admitted  to  the  pumps  and  the  stroke  w?5s  again  reg- 
ulated until  2:15  P.  M.  The  Recorder  still  showed  too  little  CO^ 
by  about  one  per  cent  even  after  shifting  the  counter -weight.  See 
data  sheet  rb.   The  caustic  potr-'h  solution  was  renewed  at  S:55  P.M. 
after  which  the  absorption  seemed  to  be  better,  as  high  &i^   eight 


Data  Sheet  # 
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4. 

May  28,  1907. 

Time  C' 

<;■.  co^ 

Orsat 

fo  00^ 
Chart 

Draft 
in-  H^.O 

Tirae 

Time 

A.  Li, 

10:00 

6.4 

Q,2 

..'75 

^en. 

40 

Min.  sec. 
1     2C 

io:ao 

6.0 

6.5 

.575 

40 

1    20 

10:18 

5.3 

3.4 

.375 

40 

1    20 

10:33 

5.4 

5.8 

.375 

40 

1     20 

11:05 

7.0 

7.2 

.375 

40 

1     20. 

11:17 

5.2 

5.4 

.57  5 

40 

1     20 

11:30 

6.6 

6.5 

.375 

40 

1     20 

11:45 

6.6 

6.8 

.375 

40 

1     20 

P.M. 

12:0? 

5.2 

5.2 

.375 

40 

1     2.(j 

1:08 

4.4 

4.4 

.375 

40 

5     40 

1:21 

5.2 

5.0 

.375 

40 

5     40 

1:37 

5.6 

5.5 

.375 

40 

5     40 

Remarks:  All  of  the  above  chart  readings  v.ere  teken  from  chart 
number  five  which  was  place^T  u]fon  the  drim  at  9:20  o'clock  A.  M. 
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Obaerver 

9-. 

p(^^-^L  -ZiS-.^ 

u^Z-it/- 

'Ir^v  P9,  IPO 

7 

Time 

Crsat 

*  00^ 
Chart 

Draft 
in.  K^O 

Time 

Up 

Time 
Howr. 

A.r-. 
11:05 

6.0 

5.f 

..■^75 

see. 
40 

Min.   Sec. 
5     10 

11:20 

5.6 

5.2 

.575 

40 

3      10 

P.M. 

1^:12 

6.0 

4.3 

.575 

40 

1     20 

2:  IE 

7.6 

5.S 

.575 

40 

1      20 

2:55 

6.0 

4.6 

.575 

40 

1      20 

2:50 

6.6 

5.2 

.575 

40 

1      20 

3 :  05 

6.2 

5.0 

.375 

40 

1      20 

z:20 

6.4 

5.5 

.575 

40 

1      20 

5:?7 

7.8 

fi.8 

.575 

40 

1     20 

F.emarks:  Tl;e  ?bove  chart  readings  were  tpicen  from  number  aix 
which  was  placed  upon  the  drum  at  10:50  o«c1ock  A.  K.  The  caustic 
potash  solution  v;as  renewed  at  5:55  o'clock  P.  M. 
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per  cent  of  CC^ being  .reached. 

At  10:?0  P.M.  the  boiler  was  out  out  and  there  was  no  draft 
from  Ir.^O  A.M.  to  5:15  A.M.  Tlie  apparatus  was  run  on  air  until 
8:50  A.M.  v.'hen  the  chart  was  removed. 

Chart  number  seven  was  placed  upon  the  drum  at  9: SO  o'clock 
A.M.  and  regulated  on  air  xintil  10:15  A.M.,  May  SI,  when  gas  was 
admitted  to  the  puraps.  No  checking  was  attempted  with  this  chart 
by  means  of  the  Orsat  apparatus.  The  boiler  was  cut  out  from  10:45 
P.  M.  until  5:00  A.  M.  There  was  not  sufficient  draft  to  operate 
the  motor  from  2:50   to  ?:oO  A.  M. 

The  reason  for  the  short  stroking  shown  during  the  night  is 
not  apparent  since  the  stroke  was  regulated  properly  when  the  chart 
was  put  on.  It  may  however,  have  been  due  to  the  falling  of  the 
level  of  the  liquid  in  the  moving  bottle  due  to  evaporation. 

Chart  number  eight  was  placed  upon  the  drum  at  9:10  A.M., 
June  ?,  and  was  regulated  on  air  as  usual.  Oas  \;as  afimitted  and 
one  or  two  samples  of  gas  were  taken  for  the  Orsat  apparatus.  The 
results  of  the  analyses  of  the  Orset  and  the  Penorder  did  not 
agree  however,  and,  since  over  stroking  was  suspected,  due  to  in- 
crease in  ?  evel  of  tl  e  lioTiid  in  the  moving  bottle,  the  stroke  war 
again  regulated  on  air  at  1:45  P.  I.I.  Better  agreement  of  the  anal- 
yses resulted. 

The  boiler  was  cut  out  frcir.  11:00  P.M.  to  4:45  A.M.  and,  for 
a  portion  of  that  time  there  was  not  sufficient  draft  to  operate 
the  motor.  The  chart  was  removed  at  8:45  A,  i.i. 

Ch3j?t  nvimber  nine  v;as  put  on  at  9:00  A.  M.,  June  4.  No  check- 
ing with  the  Orsat  apparatus  was  attempted.  The  short  strokingof 
the  pen  shown  after  cutting  oxit  the  boiler  at  10:15  P.M.  was  due 
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to  failure  of  the  liquid  in  the  raoving  bottle  to  act  up  to  its 
proper  level. 

The  boiler  was  cut  in  at  4:45  A.M.  From  1:00  to  4:00  A.M. 
there  v/ae  not  sufficient  draft  to  operate  the  motor.  The  chart  was 
removed  at  S:55  A.M. 

Diaous  :;iaji  of  Besults  and  of  the  Conditions  Affecting  Them, 

It  is  a  well  recognized  fact  that  no  apparatus  noY'  in  use 
for  analyzing  flue  gas  shows  the  exact  amount  of  00^ contained  in 
that  gas.  The  Orsat  apparatus  reveals  an  error  of  approximately 
five  per  cent  in  its  analyses, and  therefore  the  comparison  writh 
the  Ados  Recorder  gives  only  a  relative  instead  of  an  absolute 
value.  This  is  sufficient  hov;ever,  since  a  record  of  analyses  as 
correct  as  those  of  -^"he  Orsat  is  acciirate  enoijigh  for  all  purposes. 

An  inspection  of  the  charts  and  data  sheets  shows  that  al- 
though the  Ados  Recorder  can  be  regulated  to  indicpte  for  a  time 
the  same  per  cent  of  CO^as  the  Orsat  apparatus,  the  results  are 
not  reliable  after  the  lapse  of  six  to  trelve  hours,  owing  to  var- 
iations of  the  stroke  of  the  pen  caused  by  changes  inherent 
in  the  apparatus. 

The  temperature  within  the  case  of  the  apparatus  was  practi- 
cally constant  during  the  day  since  exhaust  pipes  and  a  feed  water 
heater  are  distant  only  about  six  feet.  The  effect  of  extrer;e  var- 
iations of  temper  a  tiJj?e  eitber  at  the  apparatus  or  in  the  flue  gsq;  , 
vras  not  determined. 

Variations  of  chirimey  draft,  which  of  course  caused  corres- 
ponding variations  of  speed,  seemed  to  have  little  or  no  effect 
upon  the  results.  As  an  example  of  this,  see  data  sheet  ■■ifZy    and 
chart  four  of  May  27.  Also  see  data  sheet  ifZ   and  cbart  five  of 
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Variations  of  tlie  stroke  of  the  pan  seriously  affect  the  re- 
sults. The  reasons  for  these  variations  are  discussed  in  the  fol- 
lowing pages. 

Advantages  and  Disadvantages  of  the  Ados  Recorder. 

Ojie  of  tl;e  advantages  of  using  an  apparatus  like  the  Ados 
lies  in  the  fact  that  a  continuous  recorti.  is  oVtained  for  twenty- 
four  hours,  of  the  per  cent  of  00^, in  the  flue  gas.  These  analyses 
may  be  made  every  two  minutes  if  desired  and  the  results  of  the 
analyses  are  at  once  apparent  to  the  engineer  or  fvirnace  operator 
by  an  inspection  of  the  chajrt. 

Even  though  the  results  indicated  by  the  chart  are  not  ab- 
solutely correct,  still  the  engineer  or  fireman  is  enabled  at  a 
glance  to  tell  when  he  is  getting  a  maximum  and  when  a  minimum  le  r 
cent  of  rjq^ in  the  flue  gas.  Therefore  better  results  in  the  oper- 
ation of  the  furnace  mifrht  be  expected. 

One  greet  disadvantage  to  be  fomid  in  the  use  of  this  appar- 
atus,is  the  time  required  for  regulating  it  and  for  keeping  it 
in  condition  to  produce  correct  charts.  At  least  one  half  hour  is 
reduired  to  remove  the  old  chart,  place  the  ne??-  one  on  the  drum, 
to  regulate  the  stroke  on  air,  and  for  the  appajratus  to  begin  re- 
cording gas  analyses.  Even  after  regulating  the  stroke  on  air,  the 
indications  of  the  ch©Tt  cannot  be  depended  upon  as  being  accurate 
without  checking,  and  checking  with  the  Or sat  apparatus  requires 
considerable  time,  in  fact,  the  Pocorder  requires  almost  constant 
care  and  attention  in  order  that  one  may  be  certain  of  the  cor- 
rectness of  the  indications  of  the  chart. 

Other  things  which  make  it  necessary  to  watch  the  Recorder 
carefully  are  troubles  caused  by  dirt  in  the  valves,  sticking, 


anri  evsporation  of  the  liquids.  These  tend  to  render  the  apparatus 
inoperative  and  to  destroy  the  accuracy  of  the  chart. 

As   i-?t?it^3d  loreviously,  no  filter  was  u«ed  in  oonn>--r-f ion  with 
the  pipe  through  which  the  flue  o;s.s   was  drawn  from  the  boiler.  In- 
stead the  glycerine  in  the  valves  was  depended  upon  to  catch  any 
soot  carried  over  by  the  gas.  This  glycerine  rapidly  bec9-me  filled 
with  dirt  and  it  was  found  to  be  advisable  to  renew  this  liquid 
once  in  forty-eight  to  seventy-two  hours  of  continuous  operation. 

Sticking  of  the  motor  may  be  caused  by  mechanical  difficul- 
ties such  as  striking  of  one  of  the  studs  against  the  top  of  the 
valve  arm,  or  insufficient  pressure  of  the  stud  on  the  arm  to 
cause  it  to  trip  the  valve.  Troubles  of  this  kind  are  easily  rem- 
edied when  they  occur  and  can  be  prevented  by  proper  care. 

Another  difficulty  encountered  in  the  operation  of  the  ap- 
paratus is  that  of  the  change  in  the  levels  to  which  the  solutions 
act,  by  virtue  of  evaporation  of  water  from  them.  It  is  necesspa?y 
to  add  water  to  the  motor  jacket  once  in  seventy- two  hoixrs  to 
maintain  the  level  and  prevent  the  bell's  sticking  at  the  top  of 
its  stroke.  Evaporation  of  water  from  the  moving  bottle  causes  a 
decrease  in  the  volume  and,  when  the  liquid  rises  in  the  gas  ves- 
sel of  the  recording  cabinet,  it  does  not  rise  to  the  same  height. 
Therefore  100  cubic  centimeters  of  the  flue  gas  are  not  driven 
into  the  bottle  A,  and  the  results  are  correspondingly  inaccurate. 
The  caustic  potash  solution  showed  no  signs  of  evaporation  in  144 
hours  but  it  had  absorbed  too  much  CO^by  that  time  to  work  proper- 
ly. 

To  prevent  evaporation  of  the  water  in  the  motor  jacket,  a 
film  of  oil  was  distributed  over  the  surface,  Prebably  a  better 
way  would  be  to  inclose  the  case  tightly  and  to  keep  tbe  hujiiidity 
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within  'nigh  by  causing  wpter  to  drop  into  the  cepe.  ThiB  v;oul^ 
plBO   tend  to  prevent  evaporation  of  the  water  froia  the  glycerine 
solution  in  the  moving  hottle.  The  hest  mixture  to  use  in  making 
up  the  solution  for  this  bottle  is  one  part  of  glycerine  to  one 
part  of  water.  Such  a  solution  acts  quickly  enou'^^h  and, at  the 
same  time,  does  not  lose  hy  evaporation  to  the  same  extent  as  the 
two  to  one  solution.  The  above  raixtiire  is  also  recommended  for 
sealing  the  brass  bell  which  actuates  the  pen  arm. 

Another  important  disadvantage  is  found  in  the  inaccuracy 
of  the  charts,  inaccurate  records  may  be  produced  by  any  of  the 
causes  just  discussed  btit,  even  if  the  pen  is  stroking  properly, 
an  inaccurate  chart  is  produced  for  the  rea«?on  that  the  ink,  whai 
placed  upon  the  paper  by  the  pen,  is  caused  to  spread  to  a  great 
extent  by  capillary  action  of  the  paper.  In  checking  with  the 
Orsat  apparatuH,  the  position  of  the  pen  was  noted  at  the  top  of 
its  stroke  thus  eliminating  any  error  due  to  spreading  of  the  ink. 
If,  however,  at  any  time,  the  per  cent  of  CO   in  the  flue  gas  at 
any  previous  time  i£  read  from  the  chart,  an  error  of  from  one- 
quarter  to  three-quarters  of  one  per  cent  is  introduced  by  the 
action  of  the  paper  on  the  ink.  To  reduce  this  error  to  a  Minimum 
or  to  eliminate  it  entirely,  it  is  recommended!,  that  a  good,  glazed 
paper  be  used  for  the  charts. 

The  cost  of  the  Ados  Bocorder  is  another  disadvantageous 
feature  and  prohibits  its  use  in  small  plants  since, in  such  places, 
the  saving  in  the  coal  bxirned  would  not  be  great  enough  to  warrant 
the  ini=!tallation  of  an  apparatus  of  this  kind.  The  Recorder  repre- 
sents an  investment  of  three  hundred  dollars.  The  expense  of  main- 
taining and  operating  the  apparatus  is  slight,  if  attendance  is 
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not  oonsidered,  since  only  small  quantitie:^,  of  very  chegp  solu- 
tionps  are  used.  Breakage  entails  laich  delay  and  expense  however, 
since  all  of  the  parts  of  the  apparatiis  are  made  in  England. 

To  sum  up,  the  advantages  to  be  derived  from  the  use  of  this 
apparatus  lie  in  the  fact  that  it  is  continuous  in  its  operation 
and  furnishes  a  graphical  record  of  analyf^ef?  which,  if  not  abso- 
lutely correct,  shows  the  relative  per  cents  of  '^O^in  the  flue  gas 
at  different  tines  enabling  the  f^irnace  operator  better  to  control 
his  furnace.  The  disadvantages  of  the  apparatus  are  that  it  requires 
almost  constant  care  and  attention  owing  to  dirt  collecting  in  the 
valves,  sticking  of  the  motor,  and  evaporation  of  the  liquids i 
that  it  furnishes  an  inaccurate  record  owing  to  the  spreading  of 
ink  on  the  chart  even  if  the  pen  is  stroking  properly;  and  that  it 
is  an  expensive  apparatus  both  as  to  first  cost  and  repairs. 
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